The objective was to determine water sorption isotherms of diaspores of pequi fruits in order to obtain information on the amount of water that this product desorbs at the temperatures of 10, 20, 30 and 40 °C and water activities from 0.20 to 0.89, adjusting different mathematical models to experimental data, and to determine its latent heat and isosteric heat. The equilibrium moisture content was obtained through the indirect static method, using the device Hygropalm Model Aw 1. The Modified Henderson model was the one that best fitted the data and was selected to predict the equilibrium moisture content of pequi diaspore. It was observed that the higher the temperature for the same equilibrium moisture content (% d.b.), the higher the water activity values . As temperature values increased, there was a reduction in the vaporization latent heat of the product. Determinação das isotermas de dessorção, calor latente e calor isostérico de diásporos de pequi R E S U M O Objetivou-se, com este trabalho, determinar as isotermas de dessorção de água de diásporos de pequi a fim de obter informações da quantidade de água que este produto dessorve nas temperaturas de 10, 20, 30, 40 °C e atividades de água entre 0,20 e 0,89, ajustar diferentes modelos matemáticos aos dados experimentais e determinar o calor latente e o calor isostérico. Para obtenção do equilíbrio higroscópico foi utilizado o método estático indireto com uso do equipamento Hygropalm Model Aw 1. O modelo Henderson Modificado foi o que melhor se ajustou aos dados sendo selecionado para predição do equilíbrio higroscópico dos diásporos de pequi. Verificou-se que quanto maior a temperatura para um mesmo teor de água de equilíbrio (% b.s.) maiores são os valores de atividade de água. Com o aumento da temperatura ocorre redução da magnitude do calor latente de vaporização do produto. Os valores de calor isostérico para os diásporos de pequi na faixa de teor de água de 4,02 a 16,63 (% b.s.) variaram de 2.776,49 a 2.558,39 kJ kg -1
Introduction
In general, fruits from the Cerrado, such as pequi (Caryocar Brasiliense, CAMB.) , are little studied and there is lack of information on the best form of processing and packaging, as the best conditions to promote the safe storage of the product. In the indigenous language, the word 'pequi' means 'prickly shell' (Souza & Salviano, 2002) and the species has been studied because of its economic importance due to culinary use of its fruits, as sources of vitamins E and B, and in the extraction of oil from the seeds for the production of cosmetics (Almeida & Silva, 1994; Silva et al., 2001; Vera et al., 2005) . Due to these characteristics, for both human consumption and industry, the fruit has been studied as a great potential to reach international markets (Pereira et al., 2014) .
With the search for knowledge and techniques of conservation for the species from the Brazilian Cerrado, germplasm banks become an important alternative due to the preservation and propagation of species in extinction (Silva et al., 2001) . Thus, studies on water removal in response to the drying of the product become an effective method in the control of microbial development and metabolism during the storage period (Osório et al., 2007; Panadés et al., 2008) .
Water activity studies can be developed using sorption isotherms. The isotherm is a curve that describes, at a specific moisture content, the equilibrium relationship of an amount of water sorbed by the components of the biological material and the vapor pressure or relative humidity, at certain temperature. Many authors studied the sorption isotherms of various products, such as crambe fruits (Costa et al., 2015a) , Buchenavia capitata seeds (Costa et al., 2015b) , lyophilized yellow mombin pulp (Oliveira et al., 2014) , guava in powder , 'caju-de-árvore do cerrado' (Anacardium othonianum) (Caetano et al., 2012) .
In this context, this study aimed to determine water desorption isotherms of pequi diaspores, in order to obtain information on the amount of water that this product desorbs at the temperatures of 10, 20, 30 and 40 °C and water activities from 0.20 to 0.89, adjust different mathematical models to the experimental data and determine its latent heat and isosteric heat.
Material and Methods
The experiment was conducted at the Laboratory of Postharvest of Vegetal Products, at the Federal Institute of Goiás -Campus of Rio Verde, and ripe fruits were harvested and sent to the experiment of hygroscopicity. Pequi diaspores with moisture content 63.67 (% d.b.) were subjected to drying in a forced-air oven at 75 ºC until reaching moisture contents of 16.6, 13.1, 8.7 and 6.4 (% d.b.) , determined in an oven at 105 ± 1 °C, during 24 h, in two replicates (Brasil, 2009) . Desorption isotherms were determined through the indirect static method, in which water activity (a w ) was determined using the device Hygropalm Model Aw 1. A sample of each moisture content with 23.0 ± 2.0 g was placed in the container of the device, in three replicates, and then placed in a B.O.D. chamber, regulated at 10, 20, 30 and 40 ºC. Readings were performed after stabilization of temperature and water activity. The experimental data of water activity were adjusted to mathematical models frequently used for the representation of hygroscopicity of vegetal products, as shown in the Eq. (1) to (12).
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-Smith where: a, b and m -parameters determined through regression.
The vaporization latent heat of free water (kJ kg -1 ) (L´) was calculated using the mean temperature (T) in the studied range, in ºC, through the following equation: The degree of fit of each model was evaluated based on a 0.05 significance of the coefficient of regression by t-test, the magnitude of the coefficient of determination (R 2 ), the values of relative mean error (P), estimated mean error (SE) and the Chisquare test (χ 2 ) for the confidence interval of 95% (P < 0.05), respectively calculated according to the following equations:
where: Y -experimental value; Ŷ -value estimated by the model; n -number of experimental observations; and, GLR -degrees of freedom of the model (number of observations minus the number of parameters of the model). Brooker et al. (1992) proposed, from the studies of Clausius-Clapeyron, the following equation to quantify the partial vapor pressure contained in porous systems:
Pvs -saturation vapor pressure of free water, for certain temperature (T), of equilibrium;
Pv -vapor pressure of free water, for certain temperature T, of equilibrium; L -vaporization latent heat of the water of the product, kJ kg -1 ; L' -vaporization latent heat of free water, at temperature of equilibrium, kJ kg -1 ; and, C -constant of integration.
Based on the obtained curves of equilibrium moisture content, the L/L' relationship in Eq. 14 was determined according to the methodology described by Pereira (1987) 
The saturation vapor pressure of free water, Pvs, was calculated using the Tetens' equation: where: a w -water activity, decimal.
In combination, Eqs. 16 and 15 lead to the following expression to estimate the vaporization latent heat of the water of the product (Corrêa et al., 1998) :
The net isosteric heat of sorption for each equilibrium moisture content was determined using the equation of Clausius-Clayperon (Iglesias & Chirife, 1976 Integrating Eq. 20 and assuming that the net isosteric heat of sorption does not depend on the temperature, the net isosteric heat of sorption for each equilibrium moisture content can be determined according to Eq. 21 (Wang & Brennan, 1991 values of net isosteric heat of sorption, according to Eq. 21, necessary for the calculation of Q st , was determined using Eq. 22: Günhan et al. (2005) point out that the lower the value of χ 2 , the better will be the adjustment of the model to the experimental data.
From the tested models, only Modified Henderson showed higher coefficient of determination and lower values of relative mean error and estimated mean error, besides lower magnitude of Chi-square values; thus, it was selected for the prediction of the hygroscopic equilibrium of pequi diaspores. Anselmo et al. (2008) , studying isotherms of Bixa orellana, and Bracht et al. (2015) , studying seeds of Vitis vinífera, varieties of Cabernet Sauvignon and Ives, observed that Modified Henderson was the best model to represent the experimental data.
For constant water activity (Figure 1) , the values of hygroscopic equilibrium moisture contents of pequi diaspores decreased with increase in temperature. The same was observed by Costa et al. (2015b) in seeds of Buchenavia capitata and almonds of Dipteryx alata (Furtado et al., 2014) .
Using the values of water activity (Table 3) , it was possible to calculate the vapor pressure of the equilibrium moisture contents (Eq. 18). With the linearization of the vapor pressure, the latent heat as a function of temperature and the equilibrium moisture content were calculated. The values of the L/L' relationship, as
where: Q st -integral isosteric heat of sorption, kJ kg -1 .
Results and Discussion
With the increase in a w at the same temperature, there was an increment in the values of equilibrium moisture content for the temperatures of 10, 20, 30 and 40 ºC in the studied range of water activity, from 0.20 to 0.84 (Table 1) .
The mathematical models used to describe the hygroscopicity of pequi diaspores, for most of its coefficients, showed significance of regression at 0.01 level by t-test (Table  2 ). In addition, seven models showed high values of coefficient of determination, above 0.95; according to Madamba et al. (1996) , it indicates satisfactory representation of the studied phenomenon. The coefficient of determination as the only criterion of evaluation for the selection of non-linear models is not a good parameter for the representation of the phenomenon (Mohapatra & Rao, 2005) .
The models Modified BET, Chung Pfost, Copace, GAB, Modified Henderson, Henderson and Peleg showed the lowest values of estimated mean error (SE), compared with the others. The capacity of a model to adequately represent a certain physical process is inversely proportional to the value of the estimated mean error (Draper & Smith, 1998) .
The values of relative mean error (P) were lower than 10% except for the models BET, Modified Halsey, Sigma Copace, Kuhn and Smith, which, according to Mohapatra & Rao (2005) , indicates adequate representation of the studied phenomenon. Regarding the Chi-square test (χ 2 ), the twelve analyzed models are within the confidence interval of 95%; however, based on the magnitude of the values, the model Modified Henderson showed the lowest values in comparison to the others (0.253). (Figure 2 ). As the equilibrium moisture content increases, there is a decrease in the energy necessary for the evaporation of the water of pequi diaspores. According to Brooker et al. (1992) , temperature and especially moisture content are the variables that most influence the vaporization latent heat of the water of the product.
From the linearization of a w (Table 3) 2. Hygroscopic equilibrium moisture content was directly proportional to water activity and decreases with the increase in temperature for the same value of water activity.
3. With the increase in equilibrium moisture content, there was an increase in the energy necessary for the water evaporation and integral isosteric heat of desorption for pequi diaspores in the moisture content range of 4.02 to 16.63 (% d.b.) varied from 2,776.49 to 2,558.39 kJ kg -1 .
